Abstract. Comparative studies of two multi-walled carbon nanotubes (MWCNT) from different manufacturers were reported. The purification and functionalization of commercial multiwall carbon nanotubes were investigated. MWCNTs were treated with boiling concentrated HNO 3 under a reflux condenser for 2 hours at 100 °C in order to purify and oxidize the raw material. The oxidized MWCNTs were rinsed with deionized water until stabilization of the filtrate pH. The measurement technique was by thermogravimetric analysis (TGA) for thermal analysis decomposition products. Meanwhile, the chemical shifted in MWCNTs can be determined by using Raman Spectroscopy.
Introduction
The chemical and thermal stabilities, electronic properties, high tensile strength and ultra-light weight are the main features of multiwalled carbon nanotubes (MWCNTs) [1] . MWCNTs normally come with purity degree of only less 95%. The purity can be increased by removing the particles of carbonaceous materials (amorphous carbon particles, fullerenes and nanocrystalline polyaromatic shells) and metal catalysts (generally compounded by Co, Ni or Fe) [2] using refluxing process. The refluxing process involving acid treatment is a widely used oxidation technique for MWCNTs which leads to an increase in the concentration of carboxyl and carbonyl functional groups [1] . A few types of acids like nitric acid (HNO 3 ), hydrogen peroxide (H 2 O 2 ), mixture of H 2 O 2 and hydrochloric acid (HCl) or a mixture of sulphuric acid (H 2 SO 4 ) and HNO 3 are always used in the oxidation technique [3] .
Raman Spectroscopy is a widespread tool for the investigation and routine characterization of carbon nanotubes. It yields information on interatomic vibration and indirectly on the structural properties [4] of MWCNTs. Meanwhile, thermogravimetric analysis (TGA) is a technique of thermal analysis in which the variation of sample mass could be determine as a function of temperature and the sample is subjected to a controlled increase in temperature [2] . This paper will study the effectiveness of each acid treatment as evaluated by TGA and the integrity of the MWCNTs structure as verified by Raman spectroscopy (RS).
Experimental
Samples. Table I shows that the different values of length, inner and outside diameters but the purity and fabrication method are same for both the MWCNTs. Purification Procedure of MWCNTs. 5g of MWCNT was refluxed with 0.250L Conc. HNO 3 in oil bath at temperature100°C for 2 hours. Then, the mixture was cooled down for 1 hour before diluted in 1.5L of water. The mixture solution was filtered using Buchner Funnel and rinsed with water for several times (~1L water). The treated MWCNTs were redispersed in 0.5L of water and stirred overnight. By using Buchner funnel, the treated MWCNTs was filterd and washed several times with water until pH value turn to neutral (filtrate pH is > 5). Then, the treated MWCNTs will be transfered into a covered dry beaker. The treated MWCNTs were dried in oven for overnight at temperature 100 ±10 0 C. Characterization of MWCNTs. The amount of residual catalyst metals in the samples were estimated by thermogravimetric analysis (TGA) by using Mettler Tolledo 851e TGA/SDTA at 10°C/min from 25°C -100°C at 99.999% of nitrogen flow rate of 30° mL/min. After 100°C until 900°C, gas was switched to purified air with 99.999% at 30 mL/min at a similar heating rate. Raman spectroscopy was used to analyze the structure of these samples. Perkin Elmer Brand, Model Raman Micro 200 Raman Microscope was used to analyze the relative intensity of D-and G-band.
Tab.1 Manufacturer'S Product Description For The Two Types Of Mwcnts

Results and Discussion
The Raman spectra of the pristine and oxidized MWNTs are shown in Fig. 1 . The Raman spectra exhibit the D and G bands typical of MWCNT. The D mode is observed in sp 2 carbons containing impurities or other symmetry-breaking defects. The G mode is related to the vibrations in all sp 2 carbon materials [5] .
As shown in Fig.1 (a, b) the Pristine Baytubes and Oxidized Baytubes MWCNT spectra revealed a shift in the D-band from 1300-1320 cm -1 to 1302-1318 cm −1 and G-band from 1550-1650 cm -1 to 1560-1645 cm −1 . This shift of the Raman response for the oxidized sample could be caused by the doping effects (electron doping) upon acid treatment. This indicates that the oxidation process via acid treatment has a significant impact on the egzohedral graphitic wall structure of the carbon nanotubes [5] . Comparison with Fig.1 (c, d) The purpose of the combustion of acid treated samples is to purify MWCNTs according to the oxidation temperature difference between non-carbon nanotubes and MWCNTs. The burning temperature of MWCNTs is related to pre-treatment process and graphitization degree, so there is no general combustion temperature of MWCNTs. TGA is an effective method to detect the combustion temperature in air [6] . Fig. 2(a) shows the TGA curve of Pristine Baytube sample of MWCNT. The MWCNT is completely evaporated at 720°C with the remainder material being metal catalyst of approximately 3.0652% of the whole sample. Meanwhile, Fig.2 (b) shows TGA curve of Oxidized Baytube sample of MWCNT with remainder of 1.7918% of whole sample at elevated temperature of 740°C. However, the patterns are slightly different for Skyspring MWCNTs samples. It is shown in Fig.2 (c) , Pristine Skyspring of MWCNT is completely evaporated at 725°C with remainder material being metal catalyst approximately of 0.8930% of the whole sample, while the graph of Oxidized Skyspring sample shown 0.8986% as in Fig.2 (d) . TGA analysis shows that the acid treatment of Oxidized Baytube sample has eliminated the metal catalyst compared to Oxidized Skyspring sample which was not changed after treatment. 
